Abstract: We consider planar amplitudes and Wilson loops in theories with N = 2 supersymmetry. Using loop-level MHV-rules we argue that when N f = 2N c (where the theory is superconformal) the entire structure of planar MHV amplitudes of the N = 4 gauge theory carries over to the N = 2 SQCD. Specifically, we claim that the infra-red finite parts (evaluated at ǫ = 0) of the colour-ordered MHV amplitudes coincide in these two superconformal theories to all loop orders in planar perturbation theory. We then use the underlying conformal symmetry to argue that a similar matching also occurs for the light-like polygon Wilson loops. This correspondence implies a very high degree of similarity between the two distinct superconformal theories. It also suggests that the relative simplicity of planar MHV amplitudes observed previously in N = 4 is likely to be a consequence of conformal invariance and may also hold in other (super)conformal settings in four dimensions.
Introduction
In the maximally supersymmetric N = 4 gauge theory, Bern, Dixon and Smirnov have written down the by now seminal expression [1] for the MHV scattering amplitudes (see also Ref. [2] ),
n ({k i }; lε) + C (l) + O(ε) . (1.1)
This formula was conjectured to be valid to all orders in planar perturbation theory. Here A tree n is the tree-level amplitude, a = Ncαs 2π (4πe −γ ) ε is the effective 't Hooft coupling constant in D = 4 − 2ε dimensions, and M (1) n is a one-loop expression 1 which depends on the kinematic invariants, but not on helicities and types of the external particles [1] . Apart from M
(1) n the rest of the exponent in (1.1) does not depend on the kinematics of the process, and as such the entire amplitude is essentially determined by the exponentiation of a one-loop result M (1) n appropriately weighted with constants, see also (1.4) below. The quantities f (l) (ε) and C (l) are constants, with f (l) (ε) given by f (l) (ε) := 1 4γ 2) in terms of the l-loop coefficientsγ
K of the cusp anomalous dimension 1 2 Γ cusp (a) and two other quantities [1] . It is often convenient to express M n in (1.1) as a product of the IR-singular Z Div n term (which was known previously) and the finite F n contribution, M n ({k i }; ε) = exp − 1 8
l ǫ · F n ({k i }; ε).
(1.3)
Then the BDS proposal amounts to the prediction for the finite part at ε = 0,
n ({k i }; 0) + const (1.4) where F (1) n is the finite part of the one-loop expression M (1) n evaluated at ε = 0.
In section 3 we will review another remarkable and ultimately related to BDS development [4] [5] [6] [7] [8] which concerns light-like polygon Wilson loops in the N = 4 theory.
The expression (1.1) has been confirmed for n = 4 at three loops [1, 2] , and for n = 5 at two loops in [9] . However, for higher-point amplitudes with n ≥ 6 the validity of the BDS formula was questioned from different perspectives in Refs. [8, 10, 11] .
It is now known [12, 13] that the BDS conjecture (1.1) does not agree with the explicit two-loop calculation of a 6-point MHV amplitude [12] , and has to be corrected. However, if one assumes that there is a duality relation [4] [5] [6] [7] [8] between the planar MHV amplitudes and the light-like Wilson loops which holds at weak coupling then the situation improves. We will return to this duality conjecture and the calculational evidence [12, 13] , [4] [5] [6] [7] [8] in its favour in section 3. In all likelihood, [6, 7] the BDS expression (1.1) gives the correct result for n = 4 and n = 5 point amplitudes to all orders in perturbation theory. At the same time, for 6-and higher-point amplitudes starting from two loops, the exponent in (1.1) will need to be corrected by an as yet unknown reminder function of the three dualspace-conformally-invariant ratios of kinematic invariants [7, 8, 12, 13] . A recent review can be found in [14] .
There is also another route to verify the exponentiated structure of the gauge theory amplitudes. In a very insightful paper [15] Alday and Maldacena gave a string theory prescription for computing planar N = 4 amplitudes at strong coupling using the AdS/CFT correspondence. These amplitudes are determined by a certain classical string solution and contain a universal exponential factor involving the action of the classical string. For 4-point amplitudes this classical string action was calculated in [15] and matched with the exponent of the BDS prediction (1.1). More generally there is now a string theory explanation for why planar amplitudes exponentiate. Remarkably, the same exponentiation must hold not only for the MHV, but also for the non-MHV amplitudes [16] -though for the latter case the exponentiation can only occur in the strong coupling limit (and does not hold in the weakly coupled perturbation theory). N = 4 SYM in the conformal phase is in many respects a special theory: as a field theory it is maximally supersymmetric, conformal and SL(2, Z) self-dual. The main goal of this paper is to investigate planar amplitudes and Wilson loops in different conformal theory with N = 2 supersymmetry and with fundamental quark flavours. Gauge theories with N = 2 supersymmetry have been studied in great detail and especially over the last decade and a half in the context of the Seiberg-Witten theory [17] (albeit on non-conformal branches where scalar fields develop VEVs). The scattering amplitudes in N = 2, however have not been analysed in detail so far. We will argue that the entire structure of planar MHV amplitudes and of the light-like polygon Wilson loops of the N = 4 gauge theory carries over to the N = 2 SQCD, but only if the N = 2 theory is superconformal. This is an interesting fact on its own right as it essentially implies a very high degree of similarity between the two distinct theories. It also shows that the superconformal N = 2 QCD is nearly solvable, at least for the MHV-type scattering amplitudes in the planar limit.
We interpret the results of this paper and of its companion [18] as a calculational evidence that the relative simplicity and the highly constrained form of the MHV amplitudes and of the light-like Wilson loops in the N = 4 SYM is likely a consequence of conformal invariance. It is tempting to speculate that the original conformal invariance of the theory (which is difficult to use directly to constrain the amplitudes) is intrinsically linked with the as yet mysterious dual-space conformal symmetry which was first proposed for the MHV amplitudes in [19] in the context of the N = 4 SYM. We can treat the N = 2 case as a family of theories characterised by a parameter, N f /(2N c ), which for values different from 1 is not conformal. When the conformal invariance is lost in N = 2, the matching to the previously known N = 4 results is lost as well, as can be seen immediately from the results of [18] where MHV amplitudes in N = 2 SQCD were calculated at one loop for generic values values of N f . Note that few other superconformal theories with N = 0, 1, 2, obtained from N = 4 by either marginal deformations, or by orientifolding (or orbifolding), were shown in Ref. [20] to completely reproduce the structure of the MHV amplitudes of the original N = 4 SYM.
We note that the method of [15] has been adapted in Ref. [21] to initiate a study of planar N = 2 supersymmetric amplitudes in the probe approximation, i.e. when the back reaction of the flavours is negligible. Because of this, N f /N c → 0 in the considerations of [21] and they cannot be applied directly to the superconformal case N f = 2N c which is the subject of this paper. However in Ref. [22] the Alday-Maldacena approach was applied to other conformal (with a symplectic gauge group) or almost conformal (i.e. conformal in the planar limit) versions of N = 2 supersymmetric gauge theory, obtaining the same result for the exponential factor in the amplitudes as in Ref. [15] for the N = 4 case.
Another string theory implementation for N = 4 SYM amplitudes, which appears to be unrelated to the subsequent the AdS/CFT approach of [15] , is the Witten's twistor string approach of [23] . Interestingly, in Ref. [24] this twistor string formulation was modified to be able to address superconformal theories with N = 2 supersymmetry, including tree-level calculations of amplitudes in the superconformal N = 2 SQCD -which is the theory we consider in the present paper.
Planar MHV amplitudes
In order to compare scattering amplitudes in different theories (especially with fields transforming in different representations of the gauge group as is the case for the the N = 2 SQCD vs the N = 4 SYM) we will always employ the colour decomposition of the amplitudes. The full n-point amplitude M n is represented as a sum of products of colour factors T n and purely kinematic partial amplitudes A n ,
Here {c i } are colour labels of external legs i = 1 . . . n, and the kinematic variables {k i , h i } are on-shell external momenta and helicities: all k 2 i = 0, and h i = ±1 for gluons, h i = ± for fermions, and h i = ±0 for scalars. The sum in (2.1) is over appropriate simultaneous permutations σ of colour labels {c σ(i) } and kinematic variables {k σ(i) , h σ(i) }. The colour factors T n are determined by the representations of the external fields in the amplitude. In the planar large N c limit the relevant colour factors for SQCD case are as follows. When all external fields in a given amplitude are in the adjoint representation, the (planar) colour factor is the single trace of the generators, T n = tr(T a 1 . . . T an ). When one fundamentalantifundamental pair of fields is present in the external states one has a string, T n = (T a 1 . . . T a n−2 ) i j , and for a few external (anti)fundamental pairs one has a product of such strings.
Without any loss of generality we can concentrate on the purely kinematic partial amplitudes A n . They contain all the non-trivial information about the amplitude, and more importantly, they can be directly compared in the N = 4 SYM and in the N = 2 SQCD with fundamental flavours. If needed, the full amplitude M n can always be determined from (2.1).
In many respects the simplest partial amplitudes are the maximally helicity violating (MHV) ones with only gluons in the external state, two of which have negative helicity and the remaining n − 2 are the positive-helicity gluons. At tree-level these are the ParkeTaylor-Berends-Giele amplitudes [25, 26] ,
This is of course an n-gluon amplitude; to avoid the clatter we do not show the n − 2 positive helicity gluons g + i on the left hand side and drop the momentum conserving delta function and the coupling on the right hand side in (2.2).
The full set of n-point MHV amplitudes in the N = 4 supersymmetric gauge theory is formed by all the N = 4 superpartners of the MHV gluon amplitude
where we used the SU (4) R labelling conventions for scalars,
In order to relate the MHV amplitudes above to those in N = 2 SQCD, it is more appropriate to use N = 1 supermultiplets. In terms of those, the N = 4 theory contains one vector, V , plus three adjoint chiral multiplets, Φ 1 , Φ 2 and Φ 3 with components,
2 In Eqs. (2.3) we do not distinguish between the different particle orderings in the amplitudes. There is no summation over the repeated indices A, B, C = 1, . . . , 4. In the last line, for brevity we suppressed these indices altogether.
In the above equations the first N = 1 supersymmetry acts vertically within each column, while the second, third and fourth susy interchanges bosons of the first column with fermions of the second, third and fourth ones and so on. The N = 4 SYM is characterised by the superpotential,
We now compare this to the N = 2 SQCD, which is described in terms of V , an adjoint Φ, and N f pairs of chiral fundamental Q f and anti-fundamentalQ f . The superpotential which defines this theory is usually written as g √ 2 fQ f ΦQ f − m fQf Q f . When the generators are normalised via T r(T a T b ) = 1 δ ab , (which is what we have assumed in (2.5) and in the rest of the paper) and furthermore, all flavour masses are set to zero, the N = 2 superpotential becomes,
By comparing the two superpotentials in Eqs. (2.5),(2.6) we can relate degrees of freedom in the two theories via,
Clearly, for N = 2 SQCD the N = 4 supersymmetry is broken to N = 2 since (anti)-fundamental fields cannot be exchanged with adjoint ones. Nevertheless, when working with primitive parts of the colour-ordered amplitudes, the list of MHV amplitudes is the same as in (2.3) with the substitutions (2.7). Furthermore, at tree-level the results for the N = 2 MHV's turn out to be the same as in N = 4 (since at tree-level the colour-stripped N = 2 SQCD with any number of flavours is effectively N = 4 supersymmetric). One would expect, however that this is not the case for loops. For example, at one loop level in the N = 2 SQCD triangle contributions should appear in addition to box integrals present in the N = 4. Also the loop-level N = 2 MHV amplitudes do not have to be simply proportional to the tree-level ones.
However, simplifications can occur for particular fixed values of N f . In a companion paper [18] written in collaboration with Nigel Glover and Cairan Williams, we calculated all one-loop MHV amplitudes in the N = 2 SQCD for arbitrary numbers of flavours. It turns out that if (and only if) N f = 2N c where the N = 2 theory becomes superconformal, the full set of the component MHV amplitudes of the N = 2 theory completely matches those in the N = 4 SYM.
This result may at first sound surprising. Indeed the MHV amplitudes (2.3) of the N = 4 SYM form a single equivalence class under the N = 4 susy Ward identities (SWI) [27] [28] [29] [30] . The N = 4 SWI guarantee that all MHV amplitudes for all types of external particles are given by the corresponding tree-level result times a universal helicity-and particle-type-independent contribution -the fact which is an essential initial step for the BDS conjecture. However, in the N = 2 SQCD a priori there are a few distinct classes of MHV amplitudes closed under the N = 2 SWI. Each of these classes is a subset from the list (2.3) with a fixed number of pairs of (anti)-fundamental fields present in the external states. There cane be none, one or two such pairs for MHV amplitudes, and in addition in the latter case one needs to distinguish between the two pairs being of the same or of different flavours. N = 2 supersymmetry relates the MHV amplitudes within each class, but in the absence of additional supercharges, the different classes are not related. The result of [18] implies that both: the distinction between different classes and the triangle integrals must disappear for N f = 2N c in the N = 2 SQCD (at least to one-loop order).
The calculation of [18] employs the four-dimensional unitarity approach of Bern, Dixon, Dunbar and Kosower [3] applied to the one-loop MHV-rules formulation of Brandhuber, Spence and Travaglini [31] . For example the one-loop MHV-diagrams contributing to gluonic MHV amplitudes A Ref. [18] determined all component MHV amplitudes in N = 2 SQCD extending the allgluons calculation of [31] to include external matter fields and in different representations. The main result of [18] is that for N f = 2N c the N = 2 SQCD MHV amplitudes coincide with those of the N = 4 SYM and as such are given by the tree-level amplitude A tree n times the helicity-blind and particle-type-independent function M (1) n (the sum of 2-mass-easy boxes),
n ({k i }; ε). n indicate that it depends only on the kinematic invariants and on the Dimensional Reduction parameter ε (with the amplitude being finite in the UV and containing the usual double and single poles poles in ε in the IR).
relative factors of N c and N f in both theories in a generic one-loop diagram. For example, consider any generic one-loop diagram with all external legs in the adjoint representation, and the particle in the loop being also adjoint. This is equal to 2N c times the process with the fundamental particle in the loop. The factor of N c arises since for the adjoint loop in the double-line 't Hooft notation there is an extra closed colour-index loop. The factor of 2 comes from the fact that there are two different vertices in the theory with adjoints (due to commutators in the covariant derivatives and also in (2.5)) relative to a single vertex of each type for the fundamental fields couple to the adjoint. But then we need to sum over all N f flavours of Q f and N f flavours ofQ f in the loop. When N f = 2N c the two contributions (with the loop in the fundamental and with the loop in the adjoint) agree. 3 When external lines include matter fields which for N = 2 can be in the fundamental representation, the flavour and colour-flow counting works differently, see [18] for more detail, but the matching to N = 4 and consequentially Eq. (2.8) still hold.
We now want to go beyond the one-loop considerations of [18] and consider higher loop (planar) contributions to the MHV amplitudes (2.8).
In the maximally supersymmetric N = 4 case, the 4-point and the 5-point amplitudes are now under control to all orders in planar perturbation theory. As was already mentioned in the Introduction, for these amplitudes the BDS expression (1.1) is expected to be exact. For higher-point MHV amplitudes the ansatz (1.1) requires a fix in the form of a conformally-invariant reminder function [8, 12, 13] , which one hopes can be determined in near future.
Having established that the MHV amplitudes in the superconformal N = 2 and N = 4 theories are identical through one-loop order, we can ask what should happen at two loops. In the same spirit as the one-loop calculation in [18] we can use MHV-rules to represent in Fig. 2 the two-loop MHV amplitudes in terms of one-loop graphs with constituent one-loop and tree-level MHV vertices (cf. Fig. 1 ). We then consider all possible double cuts of the loop momenta (in Fig. 2 we show one such cut which generalises Fig. 1a ) in four dimensions which ensure that even the internal lines are on mass-shell (so that the constituent MHVvertices are known). We then appeal to the four-dimensional cut-constructibility to claim that the entire two-loop amplitude can be reconstructed from these cuts. 4 Of course, this use of MHV-rules beyond the one-loop level is not a very practical tool for doing the actual two-loop calculations. What it is instead, is a very powerful book-keeping device for the contributing diagrams. Within the formalism of MHV-rules [27, [31] [32] [33] ] the entire l-loop contribution to the MHV-amplitude is expressed as a one-loop diagram involving the lowerloop MHV-vertices. There are always two MHV-vertices calculated at loop-level l 1 and l 2 and assembled into an MHV diagram of one-loop topology, as in Figs. 1, 2 . The l-loop 3 This is of course the same reason for why the β functions in both superconformal theories are the same (i.e. vanishing). 4 If the 4D cut-constructibility does not apply at two loops even in the N = 4 SYM, then the two-loop amplitudes will also contain additional rational terms missed by the 4D cuts. We think that this, however, is not likely for the the finite part of the amplitude at ε = 0) in (1.4) (i.e. when we have first factored out the known IR divergent factor as in (1.3), and then have set ε = 0) -which is what we are after. result is obtained by summing over all distributions of l 1 and l 2 such that l 1 + l 2 + 1 = l. The MHV class of amplitudes is closed, no non-MHV amplitudes can enter a calculation of a higher order MHV amplitude.
The main point which makes the l-loop calculation work is the fact that we have seen that all one-loop MHV amplitudes in the superconformal N = 2, 4 cases are simply proportional to the tree-level amplitude. The two tree-level amplitudes one the left and on the right hand side of the cut after summing over all relevant cuts will assemble themselves again into a tree-level MHV amplitude times a (new) universal loop-level contributionprecisely as it had happened at one-loop level in [18, 31] . So, the factorisation structure of the MHV amplitudes is not violated at higher loops in the N = 2 superconformal case, and the amplitudes in both superconformal theories are calculated in the same way -giving identical results.
In other words, we are discovering that because in both superconformal cases, the N = 2 SQCD and the N = 4 SYM: 1. at tree-level and at one loop, MHV amplitudes agreed between the two theories; 2. that each one-loop MHV diagram is factorised to the tree-level MHV result times the universal loop factor; 3. the higher-loop MHV amplitudes are constructed in terms of the lower-loop MHV amplitudes entering always the same MHV-rules diagrams as in Fig. 1, and 4. that no non-MHV vertices can appear in the loop, the equivalence between the MHV amplitudes in these two different superconformal theories will hold to all higher loops.
In the following section we will examine the perturbative structure of the light-like Wilson loops.
Polygon Wilson loops in N = 4 and in N = 2
In the Alday and Maldacena construction the contribution of the semiclassical string which dominates scattering amplitudes in the strong coupling limit is mathematically equivalent [15] to a calculation of a Wilson loop in the T-dual formulation of the IIB string theory.
In the boundary N = 4 gauge theory language, this Wilson loop is
The contour C n is a polygon made out of n light-like segments with cusps at points
where p i are the external on-shell momenta of the n-gluon scattering amplitude. This definition of the contour and its expression in terms of momenta follow from the fact that the Wilson loop in [15] emerged after the T-duality transformation was performed on the AdS 5 string coordinates, X µ (σ, τ ), Z(σ, τ ).
With this strong coupling connection between scattering amplitudes and the light-like Wilson loops (3.1) in mind Drummond, Korchemsky and Sokatchev [4] proposed that there might exist a relation between the MHV amplitudes (normalised by the tree amplitude) and the Wilson loops (3.1), (3.2) also at weak coupling in the N = 4 SYM. This proposal is automatically in agreement with the the fact that IR-divergent parts of planar amplitudes were known to be related to the UV divergencies in the cusps of the Wilson loop [34] . Indeed, following [6, 7, 35] , Wilson loop (3.1) can be factorised in a way analogous to MHV amplitudes (1.3),
it follows that the divergent parts for the Wilson loop and for the amplitude (1.3) are the same, up to a mismatch between Γ (l) andĜ (l) 0 attributed to dictionary issues [6] due to the use of a different regulator for Wilson loops in the UV from the one used for the amplitudes in the IR. Here as beforeγ (l) K are the expansion coefficients of the cusp anomalous dimension 1 2 Γ cusp and and Γ (l) corresponds to the so-called collinear anomalous dimension which determines subleading IR poles. Very recently the universal structure of subleading soft and collinear poles was further investigated in generic conformal gauge theories in Ref. [36] from the scattering amplitudes perspective.
Over the last ten months a sequence of interesting perturbative Wilson-loop computations appeared, starting with the calculation of one-loop expectation value of a quadrilateral n = 4 Wilson loop in [4] . Up to the constants coming from dictionary issues mentioned above, the Wilson loop agreed with the one-loop four-gluon amplitude. Next, Ref. [5] showed that the same agreement also holds for the n-sided polygon Wilson loop and n-point MHV amplitudes for any n. DHKS collaboration then carried out a two-loop calculation of the Wilson loop for the n = 4 case in [6] and for the n = 5 case in [7] . Their results were again in precise agreement with the full two-loop expressions for scattering amplitudes [9] .
We can now adapt the two-loop calculations of Wilson loops [6] [7] [8] 13 ] to the case of our interest -the N = 2 superconformal QCD. In fact, this is completely straightforward. To one-loop level, one needs to take into account only the insertions of tree-level gluon propagators connecting various segments of the polygon contour C n . There are no vertices, and the result for n-sided polygons in the N = 4 case at one loop [5] matches the N = 2 result (or in fact the result in any gauge theory). At two loops, in addition to pairs of propagators, there are also insertions of three-gluon vertices and the one-loop gluon selfenergy contributions between the segments of the contour (specific diagrams can be found in [6, 7] , but it is obvious, that to two-loop level there can be no other insertions, since the Wilson loop did not contain explicitly any other fields but gluons). Since the threegluon vertex is a tree-level one, and since the gluon self-energies are the same thanks to N f = 2N c , it follows that the contributions to the polygon Wilson loop (and as such the MHV-amplitudes/Wilson-loop relations) match precisely between the superconformal N = 2 and N = 4 theories through two loops. What about higher loops?
An important feature of the Wilson loop (3.1) is that it inherits superconformal properties of the underlying N = 4 theory. The conformal symmetry is only broken by the cusps of the contour C n . In the cusps the Wilson loop VEV is divergent and a regularisation of these UV-divergences leads to a breakdown of the conformal invariance. DHKS first proposed [6] and then proved [7] an anomalous conformal Ward identity for Wilson loops (3.1). For the finite part F W n of the Wilson loop (3.3) in the limit ǫ → 0 it reads [6, 7] , 4) where the operator on the left hand side is the generator of special conformal transformations. Very similarly to the logarithm of the BDS formula, the right hand side of this anomaly equation is a one loop result, multiplied by Γ cusp (a).
DHKS also showed that the finite part of the BDS ansatz (1.1) obeys the same equation (3.4) after the substitution (3.2). This is not surprising since after all the purely kinematic dependence in ln F n is one-loop exact, and the matching between Wilson loops and MHVamplitudes has already been established for any n in [5] . On the other hand, purely from the perspective of perturbative MHV amplitudes, the origin of the anomaly equation (3.4) is not clear. In the strong coupling limit [15] MHV amplitudes 5 agree with Wilson loops (3.1), and the latter are governed by the conformal symmetry of the theory. For amplitudes at present it is not known how to deduce appropriate conformal Ward identities directly. Instead if we assume that there is a relation between MHV amplitudes and Wilson loops even at weak coupling, then the conformal symmetry of the Wilson loops becomes a 'dual-space conformal symmetry' of the amplitudes. As already mentioned, in the strong coupling limit, the meaning of this symmetry is clear, but away from it, it is a conjecture.
The solution to the Ward identity is unique for n = 4 and 5. Beyond n = 5, there are multiple solutions [6, 7] , due to the existence of nontrivial conformally-invariant cross ratios x 2 ij x 2 kl /(x 2 ik x 2 jl ). For example, for n = 6 there are three non-trivial cross ratios [8] (The appearance of x 2 i,i+1 = k 2 i in a cross ratio is forbidden by the on-shell constraint k 2 i = 0.) Since the BDS expression is a unique solution to (3.4), it must give the exact all-orders results for n = 4 and n = 5 Wilson loops.
We can now ask if these results for n = 4, 5 Wilson loops are reproduced also in our superconformal N = 2 QCD. First we note that the derivation of the anomaly (3.4) in [7] also holds in the superconformal N = 2 QCD. At the end, this is essentially a one-loopexact result weighted with the cusp anomalous dimension. Thus, the anomaly equation and its unique solution -the BDS ansatz -carry over to N = 2 albeit expressed in terms of Γ cusp (a) of the N = 2 CFT. We know that Γ cusp (a) do match to two loops in perturbation theory, and also to the leading order in the opposite strong coupling limit (since the AdS 5 parts of the string target space are the same). The conclusion we reached in section 2, that the MHV amplitudes match in both superconformal theories to all orders in planar perturbation theory, necessarily mean that Γ cusp 's also have to match to all orders (since Γ cusp governs the IR properties of the amplitudes).
We would also like to supplement the argument above with the following observation about the three-loop contributionγ (3) K in the superconformal N = 2 SQCD. In Ref. [37, 38] Moch, Vermaseren and Vogt have computed the anomalous dimension of leading twist operators of spin j in (non-supesymmetric) QCD. The cusp anomalous dimension of QCD is related to these results by taking the large-j limit,
Then the authors of [39] have made a very interesting observation that the cusp anomalous dimensions in N = 4 SYM can be extracted directly from the QCD result by keeping terms of highest "transcendental weight". The two highest weights (weight-4 and weight-3) contributing at three-loops to the cusp anomalous dimension in QCD can be extracted from the results of [37, 38] in the following form
The weight-4 contribution givesγ
K in the N = 4 theory. One might ask if the result for the N = 2 SQCD should be given by also including the subleading weight-3 as in (3.7) . It is interesting to note that the subleading weight contribution above is actually proportional to the b 0 coefficient of the β-function of QCD As already mentioned, recently a computation of the "parity even" part of the six-gluon MHV amplitude [12] in N = 4 has shown that the BDS ansatz (1.1) for MHV amplitudes does fail for n = 6. However, a numerical comparison [12, 13] with the corresponding hexagonal Wilson loop shows that the MHV-amplitude/Wilson-loop duality is correct at two loops and n = 6. This is a remarkable result. It will also hold in the superconformal N = 2 QCD, if the reminder function of the conformal ratios is the same in both theories.
Conclusions
We have considered the colour-ordered MHV scattering amplitudes and the light-like polygon Wilson loops in the superconformal N = 2 QCD with N f = 2N c (anti)fundamental flavours.
First, using the MHV-rules perturbation theory, we have argued that the MHV amplitudes (or more precisely their finite parts evaluated at ε = 0) in the N = 2 SQCD match the amplitudes in N = 4 to all loop orders in planar perturbation theory. We then used the superconformal anomalous Ward identities to argue that a similar matching also occurs for the polygon Wilson loops. The agreement between Wilson loops in two theories holds to all orders in perturbation theory for n = 4, 5; 6 and for n ≥ 6 up to the presently unknown reminder function of the conformal ratios. If it is the same in both theories, the general light-like polygon Wilson loops will also match.
This correspondence implies a very high degree of similarity between the two distinct superconformal theories and complements non-trivially earlier results of [20] . There it was shown that there is a planar equivalence between all perturbative amplitudes in the N = 4 theory and (i) for theories obtained from N = 4 by orbifold projections [40] ; (ii) for a one parameter family of marginal real-β deformations of [41] to all orders and (iii) for more general marginal deformations [41] studied for up to five loops.
It would be instructive to know if there are examples of conformal 4D gauge theories in which the finite parts of MHV amplitudes and/or light-like polygon Wilson loops are significantly different from the N = 4 case. Another future direction can be to test the general arguments presented in this paper against an explicit calculation of 4-point and maybe 5-point amplitudes at two loops in the superconformal N = 2 SQCD by adapting the calculations of Refs. [42] [43] [44] .
